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FOREWORD 

This  technology  document,  describes  the  measurement  of  the  mass 
properties  of  the  X-24A  lifting  body  and  presents  a  detailed  summary  of 
mass  changes  between  and  during  test  flights.  The  measurements  wore 
started  on  28  November  1968,  and  analyses  continued  through  the  flight 
program  which  ended  on  4  June  1971.  Measurements  were  obtained  at 
Kdwarcis  AFB  at  the  AFFTC  Weight  and  Balance  Facility  and  at  the  NASA- FRC 
Heat  Facility.  References  1  through  8  are  related  documents  which  will 
be  published. 

The  author  wishes  to  acknowledge  the  contributions  of  Captain 
Johnny  M.  Ramey ,  who  performed  all  the  initial  analysis  and  Sergeant 
John  C.  Burch,  who  prepared  and  analyzed  flight  data.  Acknowledgement 
is  also  extended  to  Mr.  Chester  H.  Wolowicz  of  NASA-FRC  who  pioneered 
the  inertia  measurement  technique  and  to  other  NASA-FRC  personnel  who 
assisted  i.  he  effort. 
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Accurate  values  of  weight,  center  of  gravity,  and  moments  of  inertia 
were  measured  prior  to  the  first  flight  of  the  X-24A  lifting  body.  The 
weight,  longitudinal,  and  lateral  centers  of  gravity  were  measured  at 
the  AFFTC  Weight  and  Balance  Facility.  The  vertical  center  of  gravity 
was  measured  by  suspending  the  aircraft  from  a  cable  and  determining  the 
tilt  angle  as  weights  were  added  at  the  nose.  Moments  of  inertia  about 
each  axis  were  measured  by  restraining  the  vehicle  with  springs  and 
allowing  it  to  vibrate  about  knife  edges  in  the  X-  and  Y-axcs  and  a 
suspension  cable  in  the  Z-axis.  These  values  were  used  as  a  baseline 
for  mass  data  determination  throughout  the  flight  test  program.  A 
digital  computer  program  was  used  to  update  tire  mass  data  for  aircraft 
configuration  changes  and  to  produce  time  histories  of  mass  data  for 
powered  flights,  including  the  effects  of  rocket  propellant  flow  and 
the  changes  in  position  of  propellant  in  the  tanks  which  result  from 
accelerations  on  the  aircraft. 
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INTRODUCTION 


GENERAL 

An  accurate  knowledge  of  the  center  of  gravity  (eg)  and  moments 
of  inertia  is  necessary  for  all  dynamic  analyses  of  aircraft,  determina¬ 
tion  of  stability  derivatives  from  flight  test  data,  and  mechanization 
of  accurate  flight  simulators .  Contractor  computations  have  been  the 
prime  source  of  such  data  for  most  test  programs  due  to  the  lack  of  time, 
manpower,  and  equipment  for  making  measurements,  and  the  large  size  of 
modern  aircraft.  The  validity  of  these  computations  depends  on  the 
accuracy  of  the  individual  component  estimates  and  on  the  amount  of  time 
and  effort  spent  in  keeping  track  of  changes  made  during  the  design  and 
fabrication  of  the  vehicle. 

The  requirements  of  the  X-24A  flight  test  program  dictated  that  the 
eg  and  moments  of  inertia  be  determined  experimentally.  The  first  por¬ 
tion  of  this  report  describes  the  inertia  measurement  performed  prior 
to  the  first  flight  of  the  aircraft.  This  measurement  first  used  a 
vertical  eg  obtained  at  NASA-FRC  using  the  suspension  method.  When 
discrepancies  were  discovered  between  the  vertical  eg  from  the  suspension 
method  and  the  vertical  eg  determined  at  the  weight  and  balance  facility, 
the  suspension  test  was  repeated  using  improved  procedures.  This  report 
includes  corrections  resulting  from  the  la'her  vertical  eg  measurement 
performed  prior  to  the  second  flight.  Test  theory,  procedures,  equip¬ 
ment,  data  reduction  techniques,  and  results  are  discussed  in  this  report. 

These  measured  mass  data  (weight,  dg.,  and  moments  of  inertia)  were 
used  as  a  baseline  for  all  later  weight  and  balance  determinations  dur¬ 
ing  the  flight  test  program.  The  weight,  eg,  and  moments  of  inertia  were 
recomputed  for  each  weight  change  of  the  aircraft.  Weight  and  horizontal 
eg  locations  were  correlated  each  time  the  aircraft  was  weighed.  The 
second  portion  of  this  report  presents  the  mass  data  for  each  flight,  in¬ 
cluding  time  histories  for  powered  flights  which  incorporated  the  effects 
of  propellant  utilization  and  propellant  angle  on  the  aircraft  eg. 

APPROACH 

The  ultimate  objective  of  this  effort  was  an  accurate  determination 
of  the  body  axis  eg,  moments  of  inertia,  and  weight.  The  body  axis  sys¬ 
tem  used  was  a  standard  right-hand  orthogonal  system  with  its  origin  at 
the  eg.  Since  the  moments  of  inertia  in  roll  and  pitch  were  measured 
about  an  axis  of  rotation  that  was  parallel,  but  displaced  from  the  body 
axis,  the  longitudinal,  vertical,  and  lateral  cg's  were  required  in  order 
to  transfer  the  measured  inertias  from  the  axis  of  rotation  to  the  body 
axes.  The  inclination  of  the  principal  axis  was  also  required  in  order 
to  compute  the  cross  product  of  inertia,  IXz-  Two  techniques  were  used 
to  determine  the  vertical  eg.  The  first  involved  tilting  the  vehicle 
on  a  weighing  platform  at  the  AFFTC  Weight  and  Balance  Facility  and  re¬ 
cording  variations  in  nose  gear  and  main  gear  reactions  with  tilt  angle. 
The  second  suspended  the  vehicle  at  the  NASA-FRC  Heat  Facility  from  a 
single  cable  and  recorded  variations  in  tilt  angle  as  known  weights  were 
applied  at  the  nose  and  tail.  The  latter  technique  was  felt  to  be  the 
more  accurate  and  is  described  in  detail  in  this  report.  Measurements  of 
the  moment  of  inertia  about  the  Z-axis  (Iz)  and  the  inclination  of  the 
principal  aircraft  axis  (e)  were  accomplished  by  suspending  the  vehicle 
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from  a  single  cable,  restraining  vehicle  yaw  with  calibrated  springs  and 
recording  the  oscillatory  characteristics.  The  measurement  of  the  moments 
of  inertia  about  the  X  and  Y  axes  (Ix  and  ly)  was  accomplished  by  balancing 
the  vehicle  on  two  knife  edges,  restraining  it  in  either  the  pitch  or  roll 
axis  with  calibrated  springs,  and  recording  the  oscillatory  characteristics. 
Each  test  and  the  subsequent  calculations  of  moments  of  inertia  are  dis¬ 
cussed  separately. 

The  ground  test  values  of  mass  data  were  used  as  a  baseline  for  the 
subsequent  flight  test  program.  A  digital  computer  program  was  written 
to  account  for  vehicle  weight  changes  which  occurred  between  flights  as 
well  as  changes  in  expendable  quantities ,  such  as  rocket  engine  propel¬ 
lants  ,  which  varied  during  flight.  Wherever  possible,  ground  test  results 
or  inflight  measurements  were  used  to  calculate  the  rate  of  use  of  the 
expendables . 


CENTER  OF  GRAVITY 

TEST  PROCEDURE 

Prior  to  the  measurement  of  the  X-24A  moments  of  inertia  in  November 
1968,  the  weight  and  longitudinal,  lateral,  and  vertical  cg's  were 
measured  at  the  APFTC  Weight  and  Balance  Facility. 

In  order  to  get  mass  data  which  would^fee  representative  of  the 
first  glide  flight,  ballast  was  added  to  the  rear  of  the  aircraft  to 
obtain  the  desired  eg  (58.5  percent  MAC).  The  ballast  locations  for 
these  tests  was  not  yet  permanent.  This  necessitated  removing  the 
weights  mathematically  from  the  experimentally  determined  measurements 
and  then  adding  them  back  after  the  final  ballast  installation  was  de¬ 
fined.  A  dummy  pilot  and  parachute  was  also  on  board  during  the  measure¬ 
ment.  The  vehicle  was  weighed  at  attitudes  ranging  from  approximately 
-16  degrees  (nosedown)  to  +12  degrees  (noseup) .  Knowing  the  reactions 
at  the  nose  gear  and  main  gear  along  with  the  geometry  of  the  weighing 
scale,  the  gear-down  vertical  eg  was  determined.  The  results  obtained 
are  shown  in  appendix  I . 

The  vehicle  weight  and  horizontal  eg  obtained  from  this  weighing 
were  used  for  subsequent  calculations,  however,  the  measurement  of  the 
vertical  eg  was  not  considered  reliable  because  of  the  small  range  of 
vehicle  attitude  angles  obtained  and  potential  errors  in  measured 
dimensions  due  to  landing  gear  bending.  A  separate  vertical  eg  measure¬ 
ment  was  made  at  NASA-FRC  by  suspending  the  vehicle  to  obtain  a  more  re¬ 
liable  value  of  both  the  gear-up  and  gear-down  vertical  cg's.  As  a 
comparison,  the  gear-down  vertical  eg  obtained  at  the  Weight  and  Balance 
Facility  was  23.86  inches  above  waterline  (WL)  zero,  and  the  value  from 
the  vertical  suspension  measurement  was  24.36  inches.  More  confidence 
was  placed  in  the  latter  value,  and  it  was  used  as  a  baseline  for  all 
calculations  in  this  report.  The  more  accurate  vertical  suspension 
measure  was  performed  several  months  after  the  inertia  swing,  just  prior 
to  the  second  flight,  when  errors  in  the  first  vertical  suspension  were 
discovered.  At  that  time,  the  aircraft  had  different  mass  properties. 
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The  second  measurement  is  described,  and  the  result  is  corrected  mathe¬ 
matically  to  obtain  a  vertical  eg  for  the  airplane  at  the  time  of  the 
inertia  swing.  This  corrected  vertical  eg  was  used  for  all  subsequent 
moment  of  inertia  calculations . 

The  X-24A  was  suspended  with  a  single  cable  from  the  overhead  crane 
in  the  NASA-FRC  Heat  Facility.  The  cable,  proof-tested  to  20,000  pounds, 
was  attached  to  the  X-24A  hoisting  bar,  and  the  bar  was  attached  to  the 
vehicle  at  the  same  points  used  for  mating  with  the  B-52  pylon  adapter 
( figure  1) . 


Figure  1  Vertical  eg  Measurement  Apparatus 


Special  care  was  exercised  to  insure  that  the  vehicle  could  only 
rotate  in  pitch  about  a  single  pivot  point  (the  center  of  the  bolt  of 
the  hoist  eye)  by  wrapping  the  hoist  eye  with  wire.  The  location  of  the 
pivot  point  was  accurately  measured.  Bags  of  lead  shot  were  added  to 
the  nose  to  level  the  vehicle.  A  transit  was  used  to  sight  the  vehicle 
attitude  by  reading  two  metal  tape  measures  attached  at  reference  points 
on  the  fuselage.  Known  weights  were  added  to  a  weight  box  mounted  on 
the  aircraft  noseboom,  and  vertical  center  of  gravity  was  calculated 
from  the  displacement  of  the  vehicle's  position.  The  measurement  was 
made  both  gear-up  and  gear-down.  After  adding  each  weight,  the  vehicle 
was  allowed  to  stabilize  and  the  tape  measures  at  each  level  point  were 
read  using  the  transit.  The  vehicle  attitude  for  each  weight  was  deter¬ 
mined  from  the  readings  of  the  front  and  rear  tapes  and  knowledge  of  the 
distance  between  the  tapes.  Using  Equation  1,  the  vertical  eg  relative 
to  the  suspension  point  was  determined  using  the  vehicle  attitude  and 
the  vertical  and  horizontal  arms  of  each  known  weight. 
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Theoretically,  only  one  attitude  was  required  to  determine  the 
vertical  eg.  For  accuracy,  however,  several  weights  were  added  to  the 
box  mounted  on  the  noseboom,  and  tape  measure  sightings  were  recorded. 
The  weights  were  removed  in  the  reverse  order  of  that  in  which  they  were 
put  on  to  provide  a  hysteresis  check.  The  same  procedure  was  repeated 
with  the  weight  box  suspended  from  the  engine  mount  at  the  rear  of  the 
vehicle . 


COMPUTATION  PROCEDURE 

Computation  of  the  vertical  eg  was  accomplished  using  Equation  1, 
the  terms  of  which  are  defined  in  figure  2.  Equation  1  is  derived  as 
follows  (reference  9) : 


X"  =  Xw  cos  e  -  Zw  sin  6 
w 


fiX 


eg 


Z  sin  6 
eg 


Summing  moments ,  Z  M  .  ,  =  0 

^  pivot 


wx"  =  mx  = 

w  (  eg  I 


WZ  sin  6 
eg 


w 


eg  W 


X  cos  G  -  Z  sin  0  \ 
w _ w _ 

sin  6 


eg 


w 

W 


— « - Z 

tan  0  w 


(1) 


where 


w 

W 

xw 

Zw 


incremental  weight  added 

weight  of  X-24A  and  experimental  equipment 
horizontal  lever  arm  of  the  weight  box 
vertical  level  arm  of  the  weight  box 


O  =  tan 


-1  j  net  change  in  tape  readings  1 
distance  between  tapes  I 
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A  tangent  function  resulted  since  the  tape  measures  were  attached 
to,  and  therefore  rotated  with,  the  vehicle.  The  total  weight  Was  de¬ 
termined  as  follows: 


Total 

weight  (gear  down) 

X-24A  (less  pilot) 
Hoist  beam 

Shot  bags  to  level 

5,927.0 

453.0 

58.4 

6,438.4 

pounds 

Total 

weight  (gear  up) 

X-24A  (less  pilot) 
Hoist  beam 

Shot  bags  to  level 

5,927.0 

453.0 

37.2 

6,417.2 

pounds 

The  distance  between  the 
tapes  was  149.75  inches 


Distance  from  pivot  point  to  weights  suspended  at  nose: 

Horizontal  distance:  156.81  inches 

Vertical  distance:  57.54  inches 

Distance  from  pivot  point  to  water-line  zero:  90.337  inches 


Figure  2  Definition  of  Terms  in  Equation  1 


'lhe  tape  measure  readings  for  the  gear-up  and  gear-down  configura¬ 
tions  are  summari zed  in  tables  1  and  II.  The  net  relative  change  in 
tape  reading  is  used  in  tables  III  and  IV  to  determine  a  vertical  eg  for 
each  incremental  weight. 


The  computed  vertical  cg's  for  each  aircraft  attitude  from  table  IV 
are  platted  in  figure  3.  The  i^cg  values  obtained  at  larger  angles  were 
weighted  more  heavily  when  a  line  was  faired  through  the  data,  since  less 
error  is  introduced  in  computing  tan  u  at  these  angles.  The  values  used 
for  the  vertical  distance  from  the  suspension  point  to  the  eg  were  62.75 
inches  for  gear  down  and  60.00  inches  for  gear  up. 

TABLE  I 

Weight  $u  sponsion  ot  Nose  —  Gco»  Up 


Weight  L - 


P  ror-.t  T  ape 


Rear  Tape  Relative  Change  in  Tcpe 

Reading 


Pec t  ~T  Avg  | net  j  Deer”]  Avg  [Front  f  Rent  j  Net 
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40 '6  i  40  32'  4(1 32  j  5/32  :  5232  !  5732  .  p|  !  _r,T  •  12 s c 


7  3'  7 

53  32  j  53  3 


5.063 


17  32  j  17.90b 


1  ?  1  13 

33  52  !  3332 


The  vertical  eg  with  respect  to  water-line  zero  was  found  by  sub 
tracting  the  values  of  ZCg  from  the  total  distance  of  the  pivot  point 
to  the  water-line  zero.  The  gear  up  and  gear  down  measured  values  ar 
shown  below . 

Gear  up:  90.337  -  60.00  =  30.337  inches 
Gear  down:  90.337  -  62.75  =  27.787  inches 


TABLE  III 

Verticdl  eg  Computation.  Geor  Down 


z  „  — 

W  lanfl 


W  G  11 7.2 
1 50  .8 1 
'  ^  r>7.r>i 


Vt  11.1  ImO  b 

ij*- (  him  Ncl  I  RTj 


©-  57.51  'vu  —  © 


2.87'i  .0  192  1.0999  8167.7157  8110.2157  1  72.20  18  I 

0.217  .0415  2.2781  ,2775.8900  2718.2500  j  02.0270  j 

9.01i  .0002  2.4:>l9  2599.0122  254  2.0722  |  02.7080  ! 

I  i 

11.750  .0785  4.4005  1998.492'1  1940.9524  |  02.9099  [ 

I  I 

11.531  .0970  5.5432  1616.0139  1558.1739  ]  02.0570  I 

j  I 

17.150  .1140  6.5256  1368.7513  j  1311.2113  j  02.5850  j 

19.781  .1321  7.5252  I  1187.0538  ;  1129.5138  |  02.7312  I 


TABLE  IV 

Vertical  eg  Computation,  Gear  Up 


W  GI3K.1 


58.0 

3.500 

.0  234 

1.3389 

670  9.2279 

0651.6879 

59.921  1 

108.1 

0.50  0 

.0  431 

2.4854 

3612.6012 

3555.1212 

59.090  1 

158.3 

9.375 

.0  626 

3.5823 

250  4.7784 

2447.2381 

GO  .1699 

20  8.0 

12.282 

.0820 

4.6887 

1911.9278 

1854.3878 

50.90  82 

258.0 

15.0  63 

.1006 

5.7439 

1558.9390 

150  1.3990 

SO  .1642 

306.3 

17.906 

.1190 

6.8186 

131  1.420  6 
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59.G520 

356.4 

20.532 

.1371 

7.80  71 

1  l43.6927 

10  86.1527 

00 .1244 

Figure  3  Vertical  Center  el  Gravity  versus  Aircraft  Attitude 
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This  measured  vertical  eg  includes  the  mass  effects  of  the  hoist 
bar  and  balance  weights.  The  moments  that  these  items  created  about 
the  suspension  pivot  point  are  removed  in  tables  V  and  VI  to  obtain 
the  gear  up  and  gear  down  conditions  for  the  empty  X-24A  (flight  2 
configuration) . 


Table  V 


VERTICAL  eg  -  GEAR  UP  (FLIGHT  2  CONFIGURATION) 


Item 

n 

Vertical 

Displacement 

(in.) 

Moment 
(in . -lb) 

X-24A  total 

6,438.4 

6  0.00 

386,304. 000 

Hoist  bar 

-453.0 

17.187 

-7,785.711 

balance  weights 

49.35 

-2,882.040 

X-24  A 

63.377 

375,636.249 

With  respect  to  water-line  zero: 

2  =  90.337  -  63.377  =  26.96  inches 

Table  VI 

VERTICAL  eg  -  GEAR  DOWN  (PLIGHT  2  CONFIGURATION) 


Item 

Weiqht 

(lb) 

Vertical 
Displacement 
(in. ) 

Moment 

(in-lb) 

X-2 4 A  total 

6 ,417.2 

62.75 

402,679.300 

Hoist  bar 

17.187 

-7,735.711 

Balance  weights 

-37.2 

49.35 

-1,835.820 

X-24A 

5,927.0 

66.316 

393.057.769 

.  . 

With  respect  to  water-line  zero: 

Z  -  90.337  -  66.316  =  24.02  inches 

VERTICAL  eg  FOR  THE  INERTIA  MEASUREMENT 


In  order  to  determine  the  X-24A  moments  of  inertia,  a  new  test 
vertical  eg  had  to  be  determined  for  the  test  measurement  aircraft  con¬ 
figuration  (including  ballast  weights,  dummy  pilot,  less  flight  weights 
(permanent  ballast)  ,  and  changes  between  flights).  This  was  the  verti¬ 
cal  eg  used  to  obtain  the  moment  of  inertia  about  the  knife  edge  and  to 
transfer  the  inertias  to  the  body  axes.  The  moments  and  weights  of  items 
added  and  subtracted  from  the  aircraft  are  computed  in  appendix  III  for 
the  suspension  point  used  in  this  second  measurement.  The  moments  due 
to  changes  between  the  first  and  second  flights  are  also  accounted  for. 

This  vertical  eg  was  used  for  computation  of  all  moment  of  inertia 
transfers  from  the  inertia  measurement.  The  gear  down  vertical  eg  for 
the  test  configuration  was  also  obtained. 


Table  V) I 

VERTICAL  eg  -  GEAR  UP  ( INERTIA  TEST  CONFIGURATION) 


1  tern 

We  icht 
(lb) 

Moment 
( in .  -lb) 

Vertical 

Displacement 

(in.) 

X  -  2  4  A 

5,927.0 

375,636.249 

63.377 

Ballast  weights,  dummy  pilot 
hoist  eyes,  ballast  box 

+616.416 

+39,732.537 

-  -  - 

Flight  weight 

-154  .0 

-10 ,831.898 

-  -  - 

Changes  from  third  flight 

-9 . 54 

-1,034.58 

-  -  - 

X-24A  at  inertia  measurement 

6 , 379 . 88 

403,502.308 

63. 246 

With  respect  to  water-line  zero: 

Z  =  90.337  -  63.246  =  27.09  inches 
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Table  VIII 

VERTICAL  eg  -  GEAR  DOWN  (INERTIA  TEST  CONFIGURATION) 


1 1  c  r.< 

We ight 
(lb) 

X  -  2  4  A 

5,927.0 

Ballast,  etc. 

+616.416 

Flight  weight 

-154.0 

Clw  ncics 

-9.54 

X-24A  at  test 

6,379. 88 

With  respect  to 

Z  =  90.337  - 

water-1 ine 

65.977  =-  24 

Vertical 
Displacement 
(in  . ) 


Moment 
(in.- lb) 


65.977 


393,057.769 
39,732 . 537 
8 

-1,034.58 

420,923.828 


Table  IX 

VERTICAL  CENTER  OF  GRAVITY  SUMMARY  (WITH  RESPECT  TO  WATER-LINE  ZERO) 


Cent iquration  


1.  Measured  value,  suspended 
X-24A  includinq  hoist  bar 
&  balance  weights 

2.  Corrected  for  removal  of 
hoist  bar  &  balance  weight 

3.  Corrected  to  X-24A  configura¬ 
tion  at  time  of  inertia  swing 


Z 

-Down 


30 . 337 


26 .96 


27.09 


27.787 


24.02 


.1 _ 

!  24.36 


MEASUREMENT  OF  lz  and  lxz 

TEST  PROCEDURE 

To  obtain  the  moment  of  inertia  about  the  Z-axis  and  the  inclina¬ 
tion  of  the  principal  axis,  the  X-24A  was  suspended  from  a  single  cable 
with  the  landing  gear  retracted.  One  end  of  the  cable  was  attached  to 
an  overhead  crane  by  a  swivel  to  minimize  torsional  effects,  and  the 
other  end  was  attached  to  the  X-24A  hoist  bar  approximately  above  the 
aircraft  eg  (figures  4  and  5).  Sixty  pounds  of  lead  shot  were  added  at 
the  rear  to  level  the  vehicle. 

A  lightweight  aluminum  channel  was  bolted  to  the  jackpads  of  the 
vehicle  and  was  braced  longitudinally  with  another  aluminum  channel. 

Four  springs ,  two  per  side,  were  attached  to  the  channel  as  close  to  the 


aircraft  longitudinal  eg  location  as  possible.  Figures  4  through  G  show 
that  this  insures  a  90-degree  angle  between  the  channel  and  the  spring 
line  of  action.  The  channel  was  12  tact  long,  giving  a  lever  arm  of  6 
feet  for  each  pair  of  springs.  The  prings  were  attached  through  an  eye 
bolt  at  the  end  of  channel  (figures  4  and  9).  Both  the  channel  bracing 
and  securing  of  the  eye  bolt  were  necessary  to  prevent  secondary  spring 
constants.  The  springs  were  then  connected  to  vertical  tiebacks  through 
lightweight  tubing  and  turnbuckles .  The  tiebacks  each  had  17  holes,  the 
middle  hole  on  each  being  used  to  insure  a  level  plane  of  action  for  all 
4  springs.  The  turnbuckles  allowed  all  four  springs  to  be  preloaded  to 
insure  operation  in  their  linear  range.  The  spring  calibrations  are 
shown  m  appendix  II. 

Three  different  sets  of  springs  were  used.  The  smaller  springs  wore 
selected  because  of  their  light  weight,  which  minimized  the  sag  in  the 
tie-back  apparatus  and  gave  a  straight  line  of  action  for  the  sorings. 

For  the  measurement  of  I2  and  Ixz,  one  small  and  one  medium  soring  were 
used  on  each  side,  which  presented  preloading  problems.  The  springs  had 
a  linear  range  of  eight  inches,  but  had  to  be  prcloadcd  two  inches' to 
insure  operation  in  this  range. 

After  the  vehicle  was  leveled  and  the  springs  preloaded,  pressure 
was  applied  horizontally  to  the  pitot  boom  until  the  X-24A  began  oscil¬ 
lating  at  the  proper  test  amplitude.  Care  was  taken  in  startinci  the 
motion  to  insure  that  yawing  motion  and  not  pitching  motion  was  induced 
and  that  the  springs  were  not  stretched  out  of  their  linear  range  at  the 
high  or  low  end.  Thus,  sag  was  eliminated  and  os  c.i  llation  ’  ampli  tudes 
were  kept  as  low  as  possible.  Several  trial  runs  were  made  and  the 
setup  was  inspected  to  insure  that  all  secondary  spring  constants  had 
been  eliminated  since  these  can  cause  a  change  in  frequency  with  time, 
causing  ;  eat  to  occur  between  the  yaw  and  roll  motions. 

The  vehicle  instrumentation  was  used  to  record  yaw,  roll,  and  pitch 
rates.  The  X-24A.  PCM  system  transmitted  test  data  to  NASA's  mobile 
telemetry  van  parked  near  the  aircraft  for  recording  and  display.  The 
yawing  forcing  function  was  applied  to  the  boom  and  the  vehicle  was 
allowed  to  oscillate  freely  for  a  few  seconds  before  the  data  were  re¬ 
corded.  Three  test  runs  were  made  and  the  frequencies  were  averaged. 

A  stopwatch  was  used  as  a  backup  to  the  instrumentation. 

Ix2  and  r.  were  measured  using  the  same  setup  as  described  for  lz. 
Since  the  amount  of  roll  rate  induced  by  a  pure  yawing  moment  is  directly 
proportional  to  t  and  lxz,  these  two  quantities  can  be  determined  by 
applying  a  pure  yawi  ig  moment  to  the  aircraft  at  different  pitch  atti¬ 
tudes  and  measuring  the  amplitude  ratio  of  roll  rate  to  yaw  rate.  The 
aircraft  attitude  whore  roll  rate  to  yaw  rate  (P/R)  is  zero  defines  the 
inclination  of  the  principal  axis. 

Instead  of  producing  aircraft  motion  at  different  pitch  attitudes, 
the  inclination  of  the  spring  plane  of  action  was  varied  by  moving  the 
tie-back  points  up  and  down  using  the  holes  shown  in  figures  4  through 
6.  The  tie-back  was  moved  up  two  holes  for  the  two  forward  springs  and 
down  two  holes  for  the  rear  springs.  The  aircraft  was  again  disturbed 
and  the  roll  rate  and  yaw  rate  recorded  in  the  mobile  van.  This  pro¬ 
cedure  was  repeated  at  several  different  angles  of  spring  action  for 
pitch  up  and  down  to  check  for  hysteresis  and  to  insure  that  the  inclina- 
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tion  of  the  principal  axis  had  been  passed  through  (figure  4).  The 
springs  were  pre-stressed  at  each  point  to  insure  linearity  and  to  check 
that  the  line  of  action  was  straight.  Knowing  the  inclination  of  the 
spring  plane  of  action  and  the  roll  rate  to  yaw  rate  amplitude  ratio,  r. 
was  determined.  This  procedure  for  measuring  Ixz  and  e  is  discussed  at 
length  in  reference  9. 


Side  View 


TURNBUCKLES 


TURNBUCKLES 


TUBE 


TIE-BACKS 


TIE-BACKS 


BRACE 


Top  View 

ALUMINUM  CHANNEL  ATTACHED 
TO  JACK  POINTS 


Figure  4  Schematic  of  Apparatus  for  Measurement  of  lz 


Figure  S  Apparatus  tor  Measurement  of  tz 


Figure  8  detail  ot  Spring  Attachment  tor  I  j  Measurement 


COMPUTATION  PROCEDURE 


For  convenience,  the  constants  used  ir.  computation  of  ali  moments 
of  inertia  arc  presented  in  table  X. 


Tab  lo  X 

COMPUT AT  I ON  CONSTANTS 


H 

Const  ants 

Spring  Constants 

Small  S : > r  l  n 

XL 

w.j. 

0  6  3  J  b 

Kj  =  120.8 

lb/  ft 
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n--  ~ 

3.3  1 n . 

0.2913  ft 

>V<:  l  u:;.  Si-ri 

-„,n 

1 0 . 3  l  n 

.  =  0.873  ft 

0 , 3  00  1 

l> 

Kj  “  2  33. 7  0 

lb  /  f  t 

1’.4  =  2  64.70 

lb/ ft 

U<J 

4  4.6  0  Is 

in.  =  3.717  ft 

Largo  Soriri 

M 

1 V  S . 14 

r>  1  ugs 

Kr.  =  767.1b 

lb/  ft 

Kfe  =  762. 44 

lb/ft 

K7  =  764.48 

lb/>t 

K8  =  766.32  lb/ft 
Sprincj  Co nstant  Totals 
kT  l7.f  r  Ki 

Kt  (for  l table)  =  K3 

Kt  (for  Iy  and  Ix)  =  K3 


k6 


V  - 
-  J 

5  l r. 
*7 


7  6  r>  ,  1  li-/f 
;  ii>/ ft 
Kg  -  10  61. 


!  It-/ 


The  equation  for  determining  lz  is: 

K  a2 
Xz  =  2  - 


(2) 


The  measured  frequency  was: 

a:  =  1.697  rad/sec  (average  of  3  runs) 
using  constants  from  table  X: 

Iz  =  9,440  slug-ft^1 

This  measured  value  of  Iz  contains  the  inertial  contributions  of  the 
hoist  bar,  shot  bags,  and  spring  attachment  apparatus.  These  must  be 
subtracted  to  obtain  the  X-24A  body  axis  moment  of  inertia.  In  addi¬ 
tion,  the  flight  weights  were  added  to  obtain  the  empty  aircraft 
inertias.  These  changes  are  itemized  in  appendix  III. 


2 first  flight 
(empty  aircraft) 


-■  I. 


2measured  zsubtracted  J’2added 


=  9,440  -  946.27  +  418.7 
=  8,912  s lug- f  t^ 

From  reference  9,  the  equation  for  relating  the  inclination  of  the 


spring  plane  of  action  ('. )  to  I 


xz 


I  =  I  tan  :  . 
xz  z  0 


where  : 


j q  =  inclination  of  springs  plane  of  action  at  zero  roll  rate  to 
yaw  rate  ratio 


Figure  7  shows  a  graph  of  the  tangent  of  the  inclination  angle 
versus  roll  rate  to  yaw  rate  ratio.  It  shows  f  to  be  equal  to  zero  for 
a  zero  P/R  ratio.  This  was  verified  visually  by  noting  that  for  the 
level  position  no  roll  rate  occurred  as  a  result  of  yawing  motion. 

Ihus,  the  measured  value  for  Ixz  was  zero.  The  quality  of  the  telemetered 
roll  and  yaw  rate  data  was  poor  for  this  test  and  an  error  analysis  was  made 
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Of  the  several  possible  sources  of  error,  the  error  in  c  was  due 
more  to  noise  in  the  measured  values  of  P  and  R  than  errors  in  the 
measurement  of  spring  tie-back  points  or  the  distance  between  tie-backs 
since  these  are  direct  measurements.  A  band  is  shown  in  figure  7  that 
encloses  the  total  error  observed  from  measuring  P/R. 

POSSIBLE  ERROR  IN  lXI  AND 

A I  =  I  tan  ■ 
xz  z 

A  tan  a  =  +.008  (from  figure  6) 

lz  =  8,912  slug-ft2 
2 

IX2  =  0  slug-ft  (measured) 

■  I  =  +  (8,912)  (  .008) 

A I  =-•  +71.29  s  1  no  -ft2 
xz 

The  measured  value  for  I  is  then 

xz 

I  =0  +71.29  slug-ft2 
x  z  — 

Using  the  inertia  increments  from  appendix  III,  the  calculated  first 
flight  value  for  Ix2  is: 


I  =  I 

XZ  X2 


me  as  ured 


'subtracted 


added 


=  (0  +71.29)-(94.35)  +  (-14.59) 

=  79.76+71 .29  slug-ft2 

The  inclination  of  the  principal  axis  to  the  body  axis  can  be  re¬ 
lated  to  Iz,  Ix,  and  Ixz.  This  expression  (Equation  3)  is  given  in 
reference  9. 


1  .  -1 
2  tan 


I  2  I 


Xz  - 


The  first  flight  value  of  l  was  calculated  for  the  bound  of  Ixz  and 


measured  values  of  iz  and  Ix. 


I  =  79.76  +  71.29  slug-ft' 
xz  -  ^ 

t.  =  0.617  +  0.56  degrees 
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Figure  9  Setup  for  Measurement  of  ly 


Figure  9  shows  the  experimental  setup  for  determining  ly.  The  entire 
X-24A  and  cradle  assembly  was  suspended  above  the  floor  on  two  knife  edges, 
which  allowed  the  vehicle  to  oscillate  about  the  X  axis.  Four  large 
springs,  two  per  side,  were  stretched  between  the  I-beam  and  the  floor 
with  a  turnbuckle  for  pre-loading.  Details  of  the  knife  edge  and  strings 
are  shown  in  figures  10  and  11. 

The  aircraft  and  cradle  were  rotated  on  the  platform  in  order  to 
use  the  same  knife  edges  and  springs  to  measure  the  moment  of  inertia 
for  pitch.  The  inertias  of  the  table  and  table-plus-cradle  about  tine 
knife  edges  were  determined  for  both  pitch  and  roll  on  two  separate  occa¬ 
sions.  Two  tests  were  performed  for  each  inertia  measurement.  A  stop¬ 
watch  was  used  to  time  the  period  of  the  oscillations  for  the  first  test; 
the  X-24A  on-board  instrumentation  was  used  for  the  second.  Different 
springs  were  used  for  the  two  tests.  The  initial  test  used  two  medium 
springs  in  order  to  permit  an  accurate  determination  of  the  period  with 
a  watch.  The  second  test  used  the  large  springs  that  were  also  used  Lo 
determine  the  I2  inertia  of  the  X-24A. 


COMPUTATION  PROCEDURE 


'table 

The  determination  of  the  moment  of  inertia  of  the  table  about  the 
knife  edge  will  be  discussed  first.  The  equation  for  determining  the 
moment  of  inertia  of  the  table  is: 


T  =  - i — i. 

table  ,,2 

Test  1. 

Using  two  medium  springs  and  a  stopwatch  for  timing  the  period  of 
the  oscillation 


20  cycles  -  _.At.  ■.  / 

=  ff  a  =  0.8405  cycles/sec 


tab  le 


table 


23.8  sec 

5.278  rad/sec 

18530  -  282.5 
27.82 

655  slug-ft* 


Test  2. 

Using  the  X-24A  gyros 

Kt  =  3061  .30  lb/ft 
20  cycles  - 

tij  =  n — -  —  2 

9.65  sec 

u)  =  13.02  rad/sec 


and  four  large  springs 


.073  cycles/sec 


Substituting  constants  from  table  X: 

1 table  =  650  slug-ft2 

The  moments  of  inertia  of  the  table-plus-cradle  and  attachments 
were  determined  for  both  pitch  and  roll  from  the  two  methods  above.  The 
moment  of  inertia  of  the  table  was  the  same  for  both  pitch  and  roll,  but 
the  inertia  of  the  table-plus-cradle  was  not. 

lyf4C  (Pilch) 

The  determination  of  the  pitch  inertia  for  the  table-plus-cradle 
was  as  follows  : 
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Test  1. 


Using  2  medium  springs  and  a  stopwatch  for  timing  the  oscillation 
period  and  100  pounds  of  weight  at  the  6-foot  moment  arm  of  the  springs 


20  cycles  ,  / 

u  =  23Tl^~  =  0<71^  cYcles/sec 


=  4.47  rad/sec 


^l't+c 


Kr®  “  w  h 


Substituting  constants  from  table  X: 

I„t+c  =  885  slug-ft^  (pitch) 

Tes  t  2 . 

Using  the  X-24A  gyros  and  4  large  springs  plus  50  pounds  of  weight 
at  the  6-faot  spring  moment  arm. 

a  -  20/11,15  =  1.794  cycles/sec 
uj  =  11.27  rad/sec 


-■stituting  constants  from  table.  X: 
lyt+c  =  855  slug-ft7'  (pitch) 

This  is  the  inertia  used  for  pitch  because  of  errors  in  Test  1. 

(The  cradle  was  shifted  1-3/8  inches  from  the  previous  test  and  only  one 
50-poun.  .’^ight  at  the  6-foot  spring  moment  arm  was  used  instead  of  100 
pounds  as  in  the  previous  test.) 

The  roll  inertia  of  the  table  plus  cradle  was  determined  in  the 
same  manner. 

■y,  ,c<roll) 

Test  1 . 

Using  two  medium  springs  and  a  stopwatch  to  time  the  period  of  the 
oscillation : 

u  =  20/28.3  -  0.707  cycles/sec. 
ui  =  4.44  rad/sec 
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Substituting  constants  from  table  X: 


Iyt+c  =  892  slug-ft  (roll) 

Test  2. 

X-24A  instrumentation  and  four  large  springs 
20 

ui  =  — J5  =  1-762  cycles/sec 

u;  =  11.08  rad/sec 
Iyt+c  =  893  slug-ft2  (roll) 

To  obtain  the  pitch  and  roll  inertias  of  the  X-24A  about  the  knife 
edges  (KE) ,  the  inertias  of  the  combination  X-24A,  table,  and  cradle  were 
obtained.  The  pitch  inertia  is  computed  first: 

Pitch 


^Combination  (KE) 


Table 


WThT 


Cradle 

W  h 
c  c 


X-24A 


W„  .  h 

X-24A  eg 


where : 


W 


I 


I 


Kt  =  3061.3  lb/ft  (four  large  springs) 

X-24A  =  6380 (with  dummy  pilot  &  ballast) 

h  =  Z  (WL  =  0  to  eg)  +  AZ  (KE  to  WL  =  0) 
eg 

=  27.09  t  17.516  =  44.606  in.  =  3.717  ft 

u  =  2.662  rad/sec 

v_  ,  ■  .  •  „  =  12,096  slug-ft*5 

'Combination  (KE)  '  = 

YX-24A  (KE)  =  Iycormji nation  (KE)  "  Iyt+c 
*  11,241  slug-ft2 


The  moment  of  inertia  about  the  knife  edge  was  then  transferred  to 
the  Y-body  axis  through  the  eg. 

2 

Iybody  =  I>rX-24A  (KE)  “  m  (hcg) 

=  11,241  -  2,737 
=  8,504  slug-ft2 
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For  the  empty  aircraft  (without  pilot,  chute  and  expendable  gases): 


Y  ^measured  ysubtracted  yadded 

ly  =  8504  -  713.40  +  336.36 
=  8127  slug-ft2 


Roll 


A  similar  procedure  was  used  to  determine  the  roll  moment  of  inertia. 

V 


Combination  (KE) 


Table 


WThT 


Cradle 


W  h 
c  c 


X-24A 


W„  0.h 

X-24  eg 


where : 


Vj  i 


Kt  =  3061,3  lb/ft  (four  large  springs) 
u  =  4.08  rad/sec 
Ixcombination  (KE)  5152 


X-24A(KE)  ^combination  (KE)  ixt+C 

=  5152  -  893 
=  4259  slug-ft^ 

2 

IxBody  =  IxX-24A  (KF.)  “  m<hcg) 

IxBody  ’  4'259  -  2'736  "  1'521  sl“9-fl2 

For  the  empty  aircraft  (without  pilot,  chute  and  expendable  gases) 


-  I- 


fx  -  Ixmeasured  ^subtracted  +  ^xadded 
lx  =  1521  -  29.85  +  83.65 
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Ix  =  1565  slug-ft 


2 


MOMENT  OF  INERTIA  SUMMARY 


Tables  XI  and  Xll  present  the  measured  X-24A  moments  of  inertia. 

For  comparison  purposes,  the  X-24A  weight  and  moments  of  inertia  at 
launch  computed  by  the  Martin  Company  prior  to  vehicle  delivery  are  shown 
below.  Also  shown  are  actual  first  flight  values.  The  data  shows  that 
the  actual  vehicle  weight  and  moments  of  inertia  are  larger  then  com¬ 
puted  by  the  contractor.  It  must  be  noted,  however,  that  there  were 
numerous  aircraft  weight  changes  between  the  Martin  Company  determination 
and  the  measurement  described  in  this  paper. 


Table  XI 


X-24A  MOMF.NT  OF  INERTIA  SUMMARY 


Configuration 

Weight 

(lb) 

I 

XX 

I 

yy 

(slug 

I 

zz 

-ft2) 

I 

X?. 

At  inertia  measurement1 

6,380 

1,521 

8,504 

9,440 

o 

o 

Empty  aircraft  -  first  flight1 

5,917 

1,565 

8,127 

8,912 

79.76 

1.  The  values  of  Ix  and  Iy  that  were  used  as  a  baseline  during  the 
flight  program  were  lowered  by  25  slug-ft^  due  to  a  computational 
error  discovered  late  in  the  test  program.  All  calculations  of 
flight  inertias  are  based  on  empty  aircraft  values  of  Ix  =  1540 
and  Iy  =  8102  slug-ft2. 


Table  XII 

X-24A  INERTIA  COMPARISON  WITH  PREDICTIONS 


r  — 1 - 

Configuration^ 

Weiqht 

(lb) 

Ixx 

1  y  y 
(slug- 

Jzz 

ft2) 

Jxz 

Martin  Co.  estimate 

6 ,006.69 

1,246.9 

7,180 . 8 

7,787.9 

144.2 

Actual  first  flight1 

6,362 

1,543.9 

8,537.9 

9,345.5 

39  .9 

Difference  with  actual 

slug-ft^  (pet) 

356 

(+5.6) 

297 

(+19.3) 

1,357 

(+15.9) 

1,558 

(+17.7) 

-104 . 0 

NOTE; 

1.  Full  aircraft  ready  'for  launch  for  a  glide  flight. 


DETERMINATION  OF  INFLIGHT 
WEIGHT  AND  BALANCE 


TEST  PROCEDURE 

Since  the  first  flight  of  the  X-24A..  all  configuration  changes  which 
affected  the  weight  of  the  airpla  »c  were  recorded  and  used  to  update  the 
mass  data  of  the  basic  airplane.  Prior  to  each  flight,  the  launch  and 
landing  cg's  were  predicted.  Tire  first  nine  flights  and  the  twenty-second 
flight  of  the  X-24A  were  glide  flights  with  no  XLR-11  rocket  propellants 
on  board.  Required  data  for  those  flights  were  the  dry  weight  (basic 
airplane)  ,  launch  weight  with  pilot  and  expendable  gasses,  and  landing 
weight  which  varied  only  if  tire  hydrogen  peroxide  landing  rockets  were 
used.  This  information  is  shown  in  table  XII.  The  remaining  flights  were 
powered,  and  the  mass  daia  were  a  function  of  the  propellant  flow  rates 
and  propellant  angles.  A  computer  program  was  developed  to  compute  the 
mass  data  at  discrete  times  throughout  the  flight.  Time  histories  of 
cg's  and  moments  of  inertia  for  flights  X-10-15  through  X-28-34  (excluding 
X-22-27)  are  shown  in  appendix  VI. 

COMPUTER  PROGRAM 

An  X-24A  mass  data  program  was  written  for  the  IBM  7094  computer. 

The  program  1 is  tout  is  shown  in  appendix  V.  Subroutines  are  used  to  com¬ 
pute  configuration  changes  ar.d  mass  changes  due  to  peroxide  flow,  LOX 
prime,  water-alcohol  prime,  propellant  flow  for  each  rocket  chamber,  and 
propellant  jettison.  Also  included  are  subroutines  to  compute  the  effects 
of  propellant  angles  which  result  from  aircraft  accelerations.  The 
individual  computer  subroutines  are  described  below  in  their  order  of  use 
in  powered  flight  analyses. 

Addition  and  Subtraction  Subroutines 

These  two  subroutines,  labeled  ADDAT  and  MINUS,  respectively,  are 
used  to  add  or  delete  new  mass  items  from  the  aircraft  and  calculate  new 
cg's  and  moments  of  inertia.  The  subroutines  accomplished  the  bookkeeping 
task  of  accounting  for  weight  changes  to  the  aircraft  between  flights. 
Updated  weights  were  checked  by  comparing  them  to  periodic  weighings  at 
the  AFFTC  weight  and  balance  facility.  Any  differences  were  noted  and 
the  new  measured  weight  and  horizontal  eg  were  used  as  a  baseline  for  the 
ensuing  flights.  A  comparison  of  predicted  weights  and  actual  weighings 
is  shown  in  appendix  VII . 

After  updating  the  new  weight  of  the  empty  airplane,  the  full,  cap¬ 
tive  flight  mass  properties  were  determined  by  adding  the  point  masses  of 
the  pilot  and  chute,  expendable  gases  (cabin  air,  helium,  emergency 
helium,  hydrogen  peroxide) ,  and,  if  required,  the  propellants  (liquid 
oxygen  and  water-alcohol).  Point  mass  amounts  of  LOX  and  water  alcohcl 
used  were  2,760  pounds  and  2,510  pounds,  respectively.  These  values 
were  measured  by  ground  fill  tests.  The  volume  of  LOX  on  board  during 
actual  flights  probably  varied  somewhat  from  the  ground  test  measurement 
due  to  differences  in  LOX  density  at  varying  temperatures.  Since  LOX 
temperature  was  not  monitored  in  flight,  no  correction  was  possible. 

The  fully  serviced  values  of  19.7  pounds  cabin  air,  200.0  pounds  hydrogen 
peroxide,  11.7  pounds  helium,  and  2.1  pounds  emergency  helium  were  hand¬ 
book  values  (reference  10). 
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Other  prclauneh  Josses  of  cabin  air  and  helium  were  calculated  with 
the  subtraction  subroutine.  These  values  were  average  values  on  typical 
prelaunch  flight  times  and  leakage  rates  and  were  the  same  for  all  flights. 
The  cabin  air  loss  was  1.2  pounds,  and  the  helium  loss  was  2.0  pounds. 

No  accurate  method  was  found  to  determine  the  LOX  boil-off  at  altitude 
between  IOX  top-off  and  tank  pressurization.  This  time  period  was  nor¬ 
mally  less  than  30  seconds  so  this  loss  was  neglected. 

Prime  Subroutines 

Prclauneh  mass  losses  due  to  rocket  engine  prime  were  calculated 
in  the  following  subroutines:  PEROX ,  nOXPRIM,  WALPRIM.  The  start  of 
prime  was  determined  by  the  drop  in  temperature  of  the  LOX  prime  line 
n.asured  by  a  thermocouple  on  ti  e  line  itself.  Approximately  20  seconds 
later  a  second,  smaller  slope  change  with  time  of  LOX  prime  line  tempera¬ 
ture  was  the  indication  of  the  change  from  gaseous  to  liquid  LOX  prime. 

The  gaseous  LOX  prime  rate  of  0.313  pound  per  second,  the  liquid  LOX 
prime  rate  of  3.84  pounds  per  second,  and  the  water-alcohol  prime  rate 
of  0.0  2  pound/second  were  measured  on  a  ground  test  engine  run.  Tile 
assumption  was  made  that  the  propellant  flow  rates  during  the  engine 
igniter  test  were  the  same  as  the  prime  flow  rates  foi  this  short  period 
of  time  (approximately  one  second). 

Propellant  Angle  Subroutines 

For  a  partial  load  of  fuel  and  oxidizer  the  vehicle  eg  was  a  strong 
function  of  the  location  of  the  fluid  in  the  individual  tanks.  The  sur¬ 
face  of  the  fluid  would  be  perpendicular  to  the  total  resultant  force 
vector  on  the  aircraft.  The  angle  between  the  resultant  torcc  vector  and 
the  fuselage  reference  line  was  determined  by  resolving  the  normal  and 
longitudinal  accelerometer  readings  at  any  instant  in  time.  This  angle 
is  called  the  propellant  angle  (-ip)  and  is  defined  as 


where  Xg  and  Zg  are  the  X  and  Z  body  axis  forces,  respectively  (or 
accelerometer  readings). 

Estimates  for  the  location  of  the  eg  of  various  amounts  of  trapped 
propellants  were  made  using  trapezoidal  approximation  for  the  tank  shapes. 
These  computations  were  made  in  increments  of  1/8  of  the  total  propellant 
load  over  a  range  of  propellant  angles  of  +90  degrees.  These  data  are 
shown  in  table  X  of  appendix  VIII.  The  eg  locations  of  LOX  and  water- 
alcohol  are  used  along  with  flight  measurements  of  propellant  angle  and 
propellants  remaining  to  calculate  the  actual  eg  and  moments  of  inertia 
versus  time  for  each  powered  flighc.  To  obtain  the  maximum  eg  travel  with 
propellant  angle  for  purposes  of  simulation  and  flight  planning,  the  matrix 
of  all  combinations  of  weights  and  fuel  angles  was  run  througn  the  X-24A 
weight  and  balance  computer  program  to  compute  total  aircraft  weight  and 
eg  for  each  condition.  Estimates  of  the  ratio  of  LOX  and  water-alcohol 
on  board  at  any  particular  time  (or  gross  weight)  were  based  on  LOX  top- 
off  and  boil-off  estimates,  prime  estimates,  and  engine  specification 
values  for  oxygen/fuel  ratio.  The  resulting  data  produced  curves  such 
as  the  peanut-shaped  curve  for  horizontal  eg  shown  in  figure  12.  The 
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changes  in  all  other  mass  properties  as  functions  of  propellant  angle 
were  also  calculated. 


To  compensate  for  propellant  angle  changes  while  the  engine  was 
running,  a  new  weight  and  eg  were  computed  every  ID  seconds  during  the 
burn  using  the  LOX,  WAL ,  and  PEROX  subroutines.  Starting  at  the  time  of 
ignition,  LOX,  water-alcohol,  and  hydrogen  peroxide  are  subtracted  as  a 
function  of  time  of  burn,  flow  rate,  propellant  angle,  and  number  of 
chambers  burning.  The  sudden  propellant  angle  change  due  to  acceleration 
changes  at  engine  start  and  shutdown  was  accounted  for  with  the  LOXDEL 
and  WAL DEL  subroutines  which  computed  a  eg  change  without  any  change  in 
mass  . 


One  of  the  weak  points  of  determining  the  mass  properties  during 
powered  flight  was  the  lack  of  knowledge  of  actual  engine  propellant  flow 
rates.  Initially,  speci f ication  values  of  flow  rates  were  used  in  the 
calculations .  Later  in  the  powered  flight  program,  attempts  to  determine 
flow  rates  from  ground  tests  were  not  totally  successful.  (Obviously, 
a  better  way  to  determine  propellant  flow  rates  would  be  through  the  use 
of  flowmeters  installed  in  the  propellant  lines.)  Representative  LOX 
and  water-alcohol  flow* rates  used  during  the  program  were  4.75  and  4.40 
pounds  per  second  per  chamber,  respectively. 

Jettison  Subroutine 

If  jettison  occurred  during  a  flight,  LOX  and  water-alcohol  were 
subtracted  separately  at  rates  of  73.0  and  63.0  pounds  per  second,  re¬ 
spectively.  These  values  were  determined  by  test  jettisons  on  the  ground 
which  were  timed  with  a  stopwatch.  Decay  of  tank  pressures  was  used  to 
determine  the  time  of  jettison  of  the  propellants . 

Hydrogen  Peroxide  Subroutine 

Hydrogen  peroxide  is  subtracted  at  different  flow  rates,  depending 
on  whether  it  is  used  for  engine  prime,  jettison,  landing  rockets,  or 
any  combination  of  engine  chambers.  If  landing  rockets  are  used,  the  flow 
rate  is  7.1  pounds  per  second,  which  was  determined  from  an  engine  ground 
run  early  in  the  program.  Flow  rates  for  the  XLR-11  rocket  engine  are  as 
follows  (reference  10): 


Prime 

1  Chamber 

2  Chambers  - 


0.013  lb/sec 
0.31  lb/sec 
0.32  lb/sec 


3  Chambers 

4  Chambers 
Jettison 


0.45  lb/sec 
0.51  lb/sec 
5.26  lb/sec 


Landing  Gear  Effects 

The  effect  of  lowering  the  landing  gear  was  calculated  for  six 
separate  flights  based  on  the  individual  landing  weight  for  each  flight 
and  design ' estimates  of  gear  weights  and  eg  locations.  The  effects  were 
averaged  for  the  six  flights  and  the  average  incremental  values  were 
applied  to  all  of  the  other  flights.  The  calculated  average  shifts  were: 
-2.002  inches  for  X,  0.0  for  Y,  -2.461  inches  for  Z,  +158.17  slug-ft2  for 
Ixx,  +107.63  slug-f  t2  for  Iyy ,  -50.80  slug-ft2  for  IzZ,  and  12.905  si.ug- 

ft^  for  Ixz. 
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APPENDIX  I 

WEIGHT  AND  eg  MEASUREMENTS 
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Figure  1  X-24A  Weight  and  Balance  Records 
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APPENDIX  III 
ITEMIZED  LISTING 
ADDED  AND  SUBTRACTED 


OF  COMPONENTS 


Table  I  computes  the  inertia  increments  of  all  items  added  and  sub¬ 
tracted  from  the  X-24A  between  the  inertia  measurement  and  the  first 
flight.  Columns  lr ,  17,  18,  and  20  show  the  inertias  for  each  axis. 
Table  III  summari;  s  the  inertias  for  items  removed  from  the  air<  "aft 
prior  to  the  first  flight.  Tables  IV  and  V  present  the  same  sana  ry  for 
tile  vertical  moments  used  to  determine  the  vertical  eg  - 
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Table  II 

INERTIAL  SUBTRACTIONS  FROM  X-24A  PRIOR  TO  FIRST  FLIGHT 


BUMS! 

HlflH 

msm 

Iz 

(sluq-ft2) 

3.09 

17.78 

-3.42 

20.27 

1.88 

36.75 

-7.16 

37.76 

0.29 

27.49 

-5.16 

25.57 

1.50 

36.12 

-6.93 

35.25 

1.66 

5.97 

-1.10 

5.84 

3.79 

38.00 

-7.26 

36.60 

1.7  6 

16.16 

-2.82 

16.94 

1.85 

36.80 

-6.71 

38.06 

1.56 

16.03 

-3.08 

15.22 

1.64 

16.14 

-3.26 

16.61 

1.28 

31.61 

-6.37 

30.67 

0.57 

32.03 

-6.35 

31.17 

2.50 

65.09 

2.07 

66.16 

1.52 

45.44 

2.23 

45.64 

4.16 

90.62 

4.94 

92.59 

0.80 

2  .98 

-1.01 

3.00 

29.85 

0.75 

0.36 

3.94 

123.68 

-0.67 

123.68 

73.96 

-32.94 

73.17 

713.40 

-1.94 

6.44 

-0.77 

-7.60  i 

-94.35 

946.27 

Table  III 


WEIGHT  REMOVED  PRIOR  TO  FIRST  FLIGHT 


Item 

Weight 

(lb) 

W.L. 

Vertical 
Displacement 
(in. ) 

Vertical 

Moment 

(sluq-ft2) 

Ballast  weight 

14.37 

9.50 

80. 837 

1162.03 

28.50 

9.00 

81.337 

2318.11 

22.16 

9.00 

81.337 

1802.10 

29.00 

9.50 

80.837 

2344.27 

4.50 

9.50 

80.837 

363.77 

28.37 

9.00 

81.337 

2307.94 

14.37 

11.50 

78,837 

1133.61 

28.50 

10.00 

80.337 

2289.61 

14.37 

10.25 

80.087 

1151.25 

14.50 

9.50 

80.837 

1172.14 

29.00 

9.75 

80.587 

2337.02 

28.50 

9.75 

80.587 

2296.73 

25.00 

28.87 

61.467 

1536.67 

Ballast  weight 

25.00 

28.87 

61.467 

1536.67 

Ballast  weight 

50.00 

29.37 

60.967 

3048.35 

Dummy  pilot 

217.00 

34.00 

56.337 

12225.13 

Hoist  eyes 

7.00 

40.50 

49. 837 

348.86 

Hoist  eyes 

7.00 

41.94 

49.837 

338.78 

Ballast  box 

29.26 

25.12 

65.217 

1908.25 

Hoist  Bar 

453.00 

17.187 

7785.71 

Balance  weights 
(gear  up) 

58.40 

49.350 

2882.04 

Balance  Weights 
(gear  down) 

Total  (gear  up) 

Total 

(gear  down) 

1 

37.20 

1127.82 

1106.60 

49.350 

1835.82 

52289.04 

51242.82 

Table  IV 


WEIGHT  ADDED  PRIOR  TO  FIRST  FLIGHT 


Table  V 


CHANGES  BETWEEN  PLIGHT  1  AND  SECOND 
VERTICAL  CG  TEST  (FLIGHT  X-2) 


Item 

Weiaht 

W.L. 

Vert 

Displ 

Vertical 

Moment 

Hydraulic  manifold 

-1.75 

8.5 

81.837 

-143.215 

Hydraulic  manifold 

-4.95 

10.5 

79 . 837 

-395.193 

Nosewheel  change 

-9.31 

0.0 

90.337 

-341.037 

Nosewheel  steering 

-1.28 

13.0 

77.337 

-98.991 

Camera 

-3.00 

68.0 

22.337 

-67.011 

Tape  recorder  mount 

+0 . 37 

4.0 

86.337 

+31.915 

Gas  line 

+0.58 

16.0 

74.337 

+43.115 

washout  filter 

+0.56 

10.0 

80.337 

+44.115 

Battery  case 

+  7.50 

3.0 

87.337 

+655.028 

Battery  case 

+  7.44 

3.0 

87.337 

+649.787 

Battery  case 

+5.88 

4.0 

86.887 

+507.662 

Battery  case 

+7.50 

4.0 

86.337 

+647.528 

Total  X-l  to  X-2 

+9.54 

+1034.577 

Table  VI 


EXPENDABLES  ADDED  PRIOR  TO  FLIGHT 


Weight 

(lb) 

X(in.) 

Y(in.) 

Z,  .  . 

(xn . ) 

Hydrogen  peroxide 

200.0 

194.0 

3.8 

23.5 

Cabin  air 

19.7 

91.0 

0.0 

34.0 

Helium 

11.7 

209.5 

7.5 

37.5 

Emergency  helium 

2.1 

167.0 

0.0 

17.5 

l 


Taking  moments  about  knife  edge 


spring  depression 

z —  —  ■■  . 

£T  =  -  j<T  a  jin  e;  •  a’+  whsrn6 

force  •  arm 


All  springs  are  in  parallel,  thus  they  add  like  resistors  in  series. 
K  Kt  =  Ki  +  K2  +  . 

Thejwhsinej  term  is  due  to  the  inverted  pendulum. 

For  small  0's,  sine  =  8 

IT  =  (wh  -  KTa2)  e 
about  knife  edge 

Thus  IT  =  le 

o  (wh  -  KTa2)  =  16 

Let  e=6o  sin  wt 

6  =  -  w  *  sin  wt 

substituting 

2  2 

8 o  sin  wt  (wh  -  K<ra  )  -  -  w  6q  sin  wt  •  1 

or, 

Iu2  =  KTa2  -  wh 

Thus  the  inertia  about  the  knife  edge  is 
o 

Ki>a  -wh 
IKE  =  ^ 

To  get  inertia  about  eg,  simply  use  transfer  theorem 

w  2 

Icg  ~  Iknife  edge  g 

_.2 
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APPENDIX  V 

X-24A  MASS  PROPERTIES  COMPUTER 
PROGRAM  LISTOUT 


599.  -  EFN  SOURCE  STATEMENT  -  IF N(  S  I 


1G/18/71 


PART  f  1  I 

C  3M5DN  Ft  NAUR!  .  ADO  ATI  3  I  ,  PART,  POX  t  N<  72), WAl  1  N(  72  > ,  WTR  (  2  > 

COMMON  °0XZ  I  72  )  ,  WALZ(72  ) • P  OX ( a  I  ,WAL(M«OElT  ,  RAT  El ,  RATE2 
C  N  Z,2An,FA 

DIMENSION  C3MPI  A)  ,TYT.E  (81  .START!  8) 

DATA  TYriE/2HWT,8MX  CD.4HY  CG,*HZ  Ci , 3H! X< . 3 H Y Y , 3HI 2 2 , 3Hl X2/ 

!  '*3  :DRMAT(  if!  A,?) 

«»'  -OR  MAT  (‘"(2H  «I/U,53(2H  *  1  //2CX .  23  HF  INAL  RESULTS  FDR  THE  ,4A4/I 
RTF  :  D  R  M  A  T  (  1  X,AA&,AF12,2,4F).  2rA,4X,lAA) 

9”  =DR»AT  (0(JH  «)/lX,53(2H  *I//42X, 

’»AHSTART(N3  HEtGHT.CrJ,  ,  AND  INERTIA//) 

?®3  :DRMAT  (Tx.’ 5HCOMPONEMT  TITLE, 1*X,CH  WEIGHT, 6  X,  i,HX  &IST,5X,6HY  D  1  ST  , 
’ ‘■X.MZ  DI$T,*X,3HlXX,3X,3HlYY.9X,3Hl  22  ,9X,  3  Fl  IX  2,  29  X  , 

2’ ML 3,  l*>X,',HINCRES,2X,SHlNCHES,4X,f  HI  NCHES.4X  ,8F,Ltt*  IN  SO.  AX, 

33HL3-IN  SO,  <hX,  3HL8-  IN  $  0, 4  X  ,  8HL8-1  N  SQ/) 

330  -  DRY  AT  (AA4.1PT,  L.JFA,  2  ,AF7C  2, If  II  ) 
s  DRMAT  (TFiT-21 

13  1  =  D l M  ftT  |BF<1.3| 

A"  :  DRMAT  [AP1 1 . .■>  1 
n?  =QRMAT(  2F’ 3,-, , 

REA)I«,T'2)  (WTO(I)  ,1*1  ,2) 

READ  IS.T31)  (POXIN(I)  ,  1*1  ,8  I 
READ  (S.R''*)  (PIXIN(I)  ,  1=9,15) 

R  -  AD  (A.I'ti  (POXINlll.  1  =  16,71) 

READ  (WALINCI) , 1*1 ,8 > 

READ  IS,’-1|  (  TALIN(I)  .1*9,15) 

READ  <8,R3M  I  WAL1NUI  ,  1*16,71 » 

READI3.131  |  (  P0X2U  I  ,1*1  ,8) 

READ!  *,’.f'n)  (P0X2(1  )  ,1*3,15  ) 

READ(8,R9i)( P0X2  < I  ), 1*15,71) 

R  FAD(  *  I  (WAL2  ( t  (  ,1*  1  ,8) 

READ! 5,1931 (WAL 2 (I ) ,1*3,15) 

READ(*,l'll)(  WAL  2(1  )  ,1*16,71) 

7T  READ(5,S0|  RATS1  ,RATE2  ,  2AP 
2  =  3.  0 

R fad  (5.939)  COMP, START .PART 
(F  (  P  AR  T  ( i  9  )  ,  ED,  1)  JO  TO  250 
DO  255  K*3,9 

START(X)*  l4A,*<>TART)0*32el7A 
258  CONTINUE 
25"  DO  l  I *R ,  8 

1  :  l  NA  L  (ll=START(I) 

CALL  TOP  (COMP, PART) 

WRITE  ( 8,933  ) 

CALL  CONVI  START, TYTLEI 
. !ME=2A 

I  =  I  P  ARTC  9 )  Eg*  II  G3  TO  91  1 
?’  3  D  D  x  1*1,8 

5  *  I MAL 1 1 l*STARTI 1  I 
911  READ  (5,ooRi  COM®, AOOAT, PART 

t  F(AOOATU  l,GT.  lOODCC.  1G0  TO  77 
I s  ( P  AR T ( 8 )  .  EO-  71  GD  TO  67 
IF  ipartia)  -  Eg.  8)  53  TO  65 
IF  (PARTI?)  ,EQS  J)  CALI  LOXPR 
IF  ( PART (5)  -EQ.  *1  CALI  HAL  PR 


1 

8 

15 

22 

29 

36 

63 
50 
57 

64 
71 
7d 
85 

92 

93 


117 

118 
119 


134 


148 

151 


Cf»q 


EF<I  SOURCE  STATEMENT 


IFNt  S  I 


10/16/71 


IF  (P4RT<3)  E3-  71  CALL  LOXJT  15V 

IF  (PART(S)  -Eg,  Bl  CM.  L  WALJT  157 

7">  IF  (  PARTI  A I  -SO,  J|  CAUL  PLUS  161 

IF  ( 3 ART  <  9 )  F3,  II  CA.L  MINUS  16V 

IF  (PARTIS!  -  EQ-.  2)  CALL  PEROX  le7 

IF  ( P ART ( S )  ■  eg,  5)  CALL  LOX  170 

IF  (PARTIS)  -,EQ-  S)  CALL  F  AL  17j 

IF  ( 0 A R T( fl |  - FQ .  9|  03  TU  4C0 
IT  TO  7S 
'^n  )FLt=!^, 
f’  =’'  0 
r  =  »0!)AT(1  ) 


‘*1  IF  UABS(T-TI))  LEr  ,300311  GCJ  T3  7f 


1EA3I  5«,.‘*3I  A00AT(2I  162 

= A=A0OAT( 2) 

IF  (|T-T'I  • GE-  OELT)  GO  TO  51 
1 E  L  T  * ( T-T\ ) 

«i  T<  ,n.  *OELT 

^  S I T  F  (S,’0?1  T.oacT  167 

C AL.  PEROX  186 

:AL.  LOX  19C 

1 AL  L  FAL  1 92 

IF  (  .  I NE  <-2.5  :.GT.  5P|  CALL  TQPA(LlNE)  195 

.IN:  =  LINE  *2S 

IM1F  (S,995|  COMP  197 

1AL.  CONV  (FINAL, TYTL; I  199 

in  7  3  S^l 
58  =4=40041(21 

'.ALL  WALOEL  202 

13  TO  TO 

*7  F»rA00AT(7, 

CALL  LQXOEL  205 

13  73  77 

75  IF  ( P ART( 91  - E3'  3!  G3  TO  911 

1=  (.INS  *-25  ,  IT  i  SOI  CALL  TOPA(LlNS)  211 

LIN;  =  LINE  *2', 

*717=  (6,995)  COMP  213 

CAL.  CONV  (FINAL, 7YTL:  I  215 

7  <S  IF  (  p  ART  ( 7 1  .cj,  si  CD  TO  913 
t=  (PARTUM  „E0-  01  13  TO  911 

ST3» 

;N3 


49 


EFN  SOURCE  STATEMENT 


1Fn( S ) 


1C/18/71 


S  J3 3  OUT  I NE  MINUS 

C  OMMON  FINAL!  8 1 ,400  AT!  8  I  ,  PART,  POX  I  N(  7  2  > ,  hAi.  I  M  72  I ,  4TS  !  2  ) 

COMMON  PQXZ!7?!  .vlAlZt  72l,POX(4l  ,W4L<  A»,OELT.  RATEL.KATE2 

COMMON  Z, ZAP, FA 

DIMENSION  CHAGE ( 3  I 

CHASE (1  MFINALIT  >“ADDAT(1I 

0014  1=2,4 

CHASE  (  I  1*1  FINAL  (  I )  *FIMAL(1  I -ADO  AT!  II*A0D6I  1 1  II  /CH4GEI  I  I 
DO  1*3,7 

SHAGS!!!*  FINAL! II-A034T1 I  I 
00  IS  J*?,4 

IF  NO  ■  E3-  t  I  GO  TO  1? 

CHASE ! It*  CHASE!  I* *F I N AL (01* ( l CHAGE!  J  l-F INAL 1J I » **2)-ADUATll) ► 

M 1  A  0  0  AT! j) -CHAGE! J I  1**2! 

ONT  INUE 

CHASE  (8  I  *  F  I N  AL  1  8  I  -  ADDA  T  I  8  I  -F  IN  AL  ( t  I  *  1 C  HA  Gt !  2  )-F  1 NAL I  2  I  !  *1  F  1 NA;.  (  A  I  - 
t  0  HASE!  4|t*ACOAT(M«  (CHAGE!  21  -4DOAT  <2  II*1A0JATI  <,  I  -  C  rlA*  E  i  4  I  ) 

00  S  1*0,3 
*  INAL! 1  I =CH AGE (  I » 

3  F  T  J  N 
5  NO 


10/16/71 

•4'A7-  -  EFN  SOURCE  STATEMENT  -  IFNtS!  - 


SU8»0UTINE  RLUS 

COMMON  FI NAL ! 8  I , A00AT1  8! ,PART,PQX1  N! 72  I , UAL  I M 72  I , xTft ! 2 ) 

COMMON  POXZ ( 72 I  ,  WALZ  (  7  2  1 , P  OX  (4  1  ,K'4L(M*0E_T»  kATEI,RATE2 
COMMON  Z, ZAP, FA 
DIMENSION  CHAGE! 3) 

CHASE  m=Ft  NAL m»ADOAT  til 
DO  4  1*2, a 

CHASE ! t I* (FINAL! 11  ‘FINAL! I  1 ‘ADD  AT!  II  *  ADD AT  1 1  II /CHAGE! I ) 

00  ?  1*3,7 

CHASE!!!*  FINAL  I  1 1  *  AOO A  T ( l I 
D"i  5  J*’.A 

IF  ( JtT  ,  EQ-  I  !  GO  TO  5 

C  HASE ( I  I»CHAGE I I1*:INAL(1I*( (CHAGE (J l-FINAL! Jl I*  *2  I ♦ ADDAT 1 1 !* 

U ( AOO AT(J! -CHASE! Jl  1**2  1 
CONTINUE 

CHASE  (3  )*F  l  NAL!  8!-A00AT  (81-FINALU  )*  (CHAGE  (2  l-F  I  NIL !  2  I  IMF  INAW(  41- 
*  CHASE (4* 1 -AOOAT! t|* l CHAGE! 21-ADOAT (2 ! !*!  ADO  A  Tl  41 -C  HAGEI 4  I ) 

00  «>  1*1,3 

1 1 NA  L ( 1 t  *CHAGEI I  I 

3FTJRN 

END 


A*V 


EFM  SOURCE  STATEMENT 


IFNI  SI 


10/19/71 


SU313UT INF  CONV ( A»  E  I 

MM:  NS ’ON  E(8I  ,4(81  .8(91,0(81,0(81 

R99  1 3 19  AT  UX,  A4,AX,H  =  ,IX,F  90  2,  3X.S  HP  GUNOS,  9X  ,F  9»  A,  3x  ,  5HSLUGS,  1  0  X, 
M  o,4,3X,9HKtL0r,RAMS//,3(lX,A4,4X,  ?H  =  ,1X,F  9  .A  ,  3  X,  6  Hi  NCHES ,  9X, 

2=  9- A  ,3X,  MFEET  ,1  l  X  ,F  9C  A  ,  3X  ,6HMET  EX  St/ 1  ,  A  1 1  X,  AV ,  Vx  ,  1H  =  ,  IX ,  F  9,2, 
33X-.1  OHl.  1-FEET  S  0 , 5  X  ,  F  9 , 2 , 3X  2HSL  UG- FEE  T  Sg,3X,F  9.2, 3X, 
mi(3-METEft  S8//),FC(2H  *  )  /IX,  591  2H  *)///) 

3ui=  Am*  l- 

:m=  MIW32''7') 

Ml)=  AID*  ,653S 
90  1  1=2, A 
9(11=  A  ( I  1  *  . 

Mil*  A(II/'2^ 

1  9(11=  A  ( t  I  *  ,->2** 

93  2  1  =S,  9 

3(11=  MI1/1A&., 

Mil*  4(1  1/(32-  1  7^‘ia,  1 

2  1111=  A  ( I  1  *  -  92  S  5 

^RITE  (<,,9°9I  (E(II,e(  I).  C  (  I  l,D(II  ,1=1,81 

2  ET  JRN 

END 


VH: 


EFN  SOURCE  STATEMENT  -  IFN(S) 


10/18/71 


S  JR  ROUT I NE  TOP  (1.L1 
9  I M; NSI ON  A(M,LI19),3(4),K(6) 

999  -31MAT  (  HI  ,  1 9X  ,  349  WEIS  HT  ,  C.  G.  ,  AND  INERTIA  0  AT  A  F  JR  , AAA, 3X. > 1 1  , 
11H/,2n,M/.2U,2lX  ,  VHPAGE  ,  IA//1 
30  1  1  =  1, S 
4(11=8(11 
<(!»  =L(I1 
’  :ONT!NUS 
l PA3E  =1 

•MITE  (<,,9991  A, <K(  11,1=1,61  .IPAGE 
RETJRN 

ENT1Y  T9PA( UtNE 1 
I PAGF=IPAGE*1 

•(RITE  (  5,9991  A ,  (  M  1 1 ,  I  =1, 6  1  ,1  PAGE 
L I N;  =1 
RET  JRN 
:N3 


605-  -  EFM  SOURCE  STATEMENT  -  IFNI  SI 


SUBROUTINE  PEROX 
INTEGER  PARTO*'* 

COMMON  FINAL! 3  I .400ATI  3 I. PART, POX I N<  72 1,  HAL  INI  72), HTRI2I 
COMMON  P3XZI72)  ,WAlZI72),POXI4I  ,WALIM»OElT,  RATEI • RATES 
C OMMPN  Z, ZAO, FA 
DIMENSION  COMPIM 
IHPARTfTle  NE>  31  SO  T3  1 

RATE3-7* 1 
S3  T 3  *53 

!.  IF(0ART(7),NE.  \\  30  T  3  2 
RATE3=0,31 
SO  TO  *3 

2  IF(»art(7)„nE-.  2)  30  T 3  3 

R  ATE  3*3,38 _  _ _ _ 

SO  T3  *53 

3  IF(PART(T|„NE,  3)  GO  T  3  4 
RAT=3s3. A? 

SC!  TO  *53 

^  I  Ft >ART(7|,  NE^  4)  30  T  3  5 
R6TE3*f>-*n. 

S3  TO  *50 

*  IF(  >ART(7|,NE,  5)  GOTO  50 
RATE  3»3-i  31  3 
FP  3MASS=RATC3*OELT 
V33ATU  I  =*0M4SS 
A  33A  T  (  2  )  =  1.94-  3 
A  30  A  T  I  3  ( »-3-.  fl 
A00AT(4I«23,5 
CALL  MINUS 
RETJRN 
EN3 


lo/ia/7i 

-  EFN  SOURCE  STATEMENT  -  Il-NtS)  - 


SUBROUTtNF  COX 
t  NTE  GFR  OMTPM 

:OM1DN  FINAL* 31 , AB3ATI 3  I , PART, POX I N( 72  I  ,WAL I M 72  I . rfTiU 2  I 
COMMON  POXZ  (T2)  ,WAL2(  72  » ,  FOX  (M  ,WAL(  *•  I  tOEuT  ,  RAT  hi  »  RATES 
COMMON  Z, ZAP, FA 
)  I  ME  N  SI  ON  C0MO<A> 

23P  =ORMAT  (X FT It 

2*1  :3,RAT(\''X.»  MLOX  REMA I NI NG=  ,1 Flf ,  21 
>3XX=k(T>R(1  » 

I F( ’ART(7|  ,NE,  II  GO  TO  l 
R ATE3  =RATgt 
;n  n  so 

1  I F(>ART(7|  t  Nf ,  2 1  GO  TO  2 

R  £  fr  o  =2- P*»ATE1 

*,0  TO  TO 

2  IF(>ART<->|  ,N?^  31  GO  TO  3 

A  ATF3=3,'"t.RATFl 

SO  TO  fa 

3  I  F  (  P  ART ( 7  )  i  NF-  1. 1  GU  TO  50 
R  J  T  ;  3  =  '»^  ^‘R ATEX 

5F  & ODAT  (X  l=POXO I 
A  30A  T ( 2 1 *POX<  21 
A  30A  T ( 3 1 *  POX ( 3  I 
A  30A  T (A) sPO  X ( M 


CAL.  MINUS  18 

3  MAS S  =RATex*0ELT 
A TR( X  I sPOXX-OMASS 

el*  I  T  5  (S,?S1  )  WTRIXl  20 

CAL.  TAUINTlWTR  (XI  ,  AO0  A T(  2  I ,  FA ,  8,  7  ,POX  INU  I  ,  l)  il 

R3ITEI',  ..Z'siAOJA-flZ)  22 

SAIL  TABInTI WTR C I , AODAT<<  I ,FA ,8,7 ,PCXZ(1>  , l  I  23 

-JRITF  1.5,2*''  I  AOOAT(  U  2A 


A JOAT (X l=MTR(’ I 
»PX< X  I  = AOOAT ( ' ) 

>  PX( 2 l-AOOAT (21 
>0X( ?  |sA00AT(3) 

JQX( A ) *AOOAT(A i 

Z  ALL  PLUS  25 

RETURN 
END 


SI 


6”I7. 


EM  SOURCE  STATEMENT  -  IFN(SI 


S  moUTlNE  .(ALPR 
I  NT;  3ER  PART<m 

:  I'M  ON  ft  NAUR  I  t  AODAT(  8  » ,  P  AR  T.  POX  I  N(  ?2»  ,WAL  I  M  72  t ,  rfTM  Z\ 
: OMMDN  POX7 (72)  ,wALi(72 l,POX(4» ,NAU  A) ,0fiT.  RATEI.RATE2 
COMMON  l, ZAP, fa 
5  t  M;  NS  I  ON  COMPttl 

2r'l  -3RMATU,Xt1,5H<IAL;  REM  A  IN  1  NG« .  T  FI  C ,  2  I 
T  *430  AT ( 1 T 
WAL.«WTR(2I 
7ATF?«0,M2 
3MASS«RATE3*T 

wTR(  2MNALL-OMASS 
«,!>ITE  t  S» 251 1 WTRI 2 1 
4  >0»T(\)=OMASS 
AiOAT(2»«rA7~R2 
4  334  T  (  3 )  =’  R,  5 
AOOAT  (M  =  38-  51 
WAIT  i  ),S|TP(2I 
W4L( 2  I »AOOATI 2  » 
a'AL(  ?  )«400AT(») 

N«L(  '*  l  =  400AT(t* 

JATT (81=7 

UTJRN 

END 


10/Xd/71 


2 


SOURCE  STATEMENT 


it  Mi  s ) 


10/ld/TX 


-  EEN 


SJrUnuTtNF  EAL 
1NT;3FR  PART  (I'M 

XtMON  FT N ALIBI  ,  AD0AT(  9  ).  P  ART.POXt  N(  72  > ,WAL  1  M  72  ),  wTM  2) 
Zr^lBON  PDXZ  C»?t  ,|RALZ<  7?  I  ,POXt':  I  .KALI '•  I  ,Dt-l  ,  R  AT  tl  »  RAT  t2 
ODIION  Z.ZAP 
DIMENSION  CnMP(A) 

?('*MAT  «’F1  *'»?* 

?.'l  =  DRMAT<  T^X  ,1  MWALC  PEMA  lNING«,lFlr-t  2  ) 

RALL=‘WTR(?I 

I  *•  (  PART(7|.  XI  GO  TO  1 
TATrJ’B  ATE!? 

3D  TO  99 

1.  1A(PART(7|,N"-?*  GO  TO  ? 

TAT:3’2H*RATF? 

on  rn  no 

?  I  F  I  ?ART  (7»  -  <F  3  1  GO  TO  3 
TATc3  =  3H*RATC? 

30  TO  qq 

n  UT:?=t  n*RAT£7 
99  A  TO  A  T ( 1  ) =W AL  1 1  ) 

A30AT(?)=WAl(?» 

V  3  0  A  T  <  3)«KAL(3I 
n3AT(M!HAUA| 


EALL  MINUS  Is 

TMASS=RATF3*DELT 
R  T  R  (  ?  I  =  RALL~OMA  5  S 

HSI  TC  (S,?c.1  >WTR(  >|  lb 

:*LL  TA3INTI  WTR<  ?(  ,  AUJATI  2  I  ,  FA  ,  8,7  .R  ALINIX  )  ,  H  19 

/HIT?  I  S  .2 5  9  I  AO:) AT (  2  I  20 

:al.  TABINT  (WTR  <21  ,  ADDATC  a  *  , FA, 8,7  ,K  ALZI  J  »  ,  1  I  21 

R? ! TF <3  .’A?  IA01AT( 4  |  22 


AD7AT(ll»WTR<21 
RAH  J  I  ’ADDA TO  I 
RAH  ?  I  =  ADD  A  t  1 2  I 
A  T  3  A  T  (  3»=T  9  A 
RAL  <  3  |  ’ADOATt 3) 

R  AL ( A  I  *  ADD  AT  ( t  ) 

:ALk  °LO$  2  > 

R  F  T JR N 

;N0 


66 


i.o/ia/71 


$j9*n'jTIM6  RALJT 
l  NT  f  3FR  PMUmi 

i  OMMON  Ft NAl (31  , A03ATC  8  I , PART, HOX  I  M  72 1 , W4L l M  72  I  ,  WtR ( 2 ) 
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APPENDIX  VII 

COMPARISON  OF  PREDICTED 
AND  ACTUAL  X-24A  WEIGHTS 


Starting  from  the  baseline  values,  the  weights  and  cg's  were  con¬ 
stantly  updated.  This  tabular  listing  shows  how  the  predicted  updated 
weight  compared  with  the  actual  weight  measured  at  the  AF7TC  Weight  and 
Balance  Facility. 

New  Predicted 

Actual  Weight  Predicted  Wt  Wt  (Empty  Acft  Weight 

(Weighing  Config)  (Weighing  Confiq)  Configuration )  Error 

1.  6380  (Baseline)  5927 


This  is  the  baseline  weighing  used  for  the  moment  of  inertia  measurement. 

2.  5956  £966  5917  +10  lb 

(4  Mar  69) 


This  weight  was  used  for  flights  X-l  through  X-3-5. 

3.  6000  5972.2  6000  -27  . b  lb 


This  weighing  was  before  flight  X-3-5  but  was  not  incorporated  until  flight 
X-4-7 .  This  weight  was  used  for  flight*  X-4-7  through  X-8-12. 

4.  6023.0  5998.5  6018.0  -24.5 

(3  Feb  70) 


This  was  used  for  flights  X-9-14  through  X-17-22. 

5.  5652.7  5670.1  5901.35  +17.4 

(14  Oct  70) 


This  aircraft  was  weighed  without  hydraulic  batteiies  on  board.  This 
empty  weight  was  used  for  flight  X-18-23. 

6.  5893  5901  5893  +8.0 

(27  Oct  70) 


This  weight  was  used  for  flights  X-19-24  through  X-26-32,  except  tor  the 
glide  flight,  X-22-27. 


7.  5820  5814.5  5820  -5.5 

(25  May  71) 

This  weight  was  used  for  flights  X-27-33  through  X-28-34. 
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